The mechanism of action of the two-layer (Euro-Collins' solution/perfluorochemical) cold-storage method in canine pancreas preservation--the effect of 2,4 dinitrophenol on graft viability and adenosine triphosphate tissue concentration.
Tissue concentrations of adenosine triphosphate have been previously associated with successful pancreas preservation using the two-layer cold storage method in a canine autotransplantation model. To clarify the role of ATP vs. oxygenation per se, we used 2,4 dinitrophenol, an uncoupler of mitochondrial oxidative phosphorylation. DNP caused no toxicity in pancreas grafts preserved for 24 hr in Euro-Collins' solution or 48 hr in University of Wisconsin solution. Tissue concentration of ATP and viability of pancreas grafts, defined as maintenance of normoglycemia for 5 days following transplantation, were compared among six groups after a preservation interval of 24 or 48 hr. After 24 hr all grafts were viable, whether preserved using simple cold storage in EC (group 1a), two-layer (EC/perfluorochemical [PFC]) method (group 2a), or two-layer (EC+DNP/PFC) method (group 3a); respective graft survival was 4/4 (100%), 5/5 (100%), and 4/5 (80%); one of five dogs in group 3a died of a cause unrelated to the pancreas. ATP levels were higher in group 2a compared with group 1a (7.47 +/- 0.47 vs. 1.41 +/- 0.53 mumol/g dry weight, P less than 0.01) and lower in group 3a compared with group 2a (1.25 +/- 0.37 vs. 7.47 +/- 0.47, P less than 0.01). After 24 hr, we observed no difference in viability despite ATP concentration differences. However after 48 hr preservation, graft viability varied among the groups: 0/4 (0%), 4/4 (100%), and 0/3 (0%) in groups 1b, 2b, and 3b, respectively. ATP tissue concentration was again higher in group 2b after two-layer (EC/PFC) method preservation (7.91 +/- 1.21 vs. 1.21 +/- 0.31 mumol/g dry weight, P less than 0.01) compared with EC preservation (group 1b). DNP again caused a significant decrease in tissue ATP in group 3b (0.61 +/- 0.07 vs. 7.91 +/- 1.21, P less than 0.01). The two-layer (EC/PFC) method clearly protected pancreas viability, and inhibition of ATP production using DNP caused loss of viability in this model. We conclude that oxygenation of the pancreas during preservation by the two-layer method allows continued ATP production within the graft. Metabolic processes vital to cellular integrity can be maintained, which produces an extended period of preserved pancreatic viability.